Patients suffering from the mucopolysaccharidoses, most commonly Hurler's syndrome, present special problems in anaesthesia. A retrospective review of the anaesthetic management of such patients over fifteen years revealed a high incidence of airway problems. Two case histories illustrating these difficulties are presented.
The mucopolysaccharidoses are a group of heritable connective tissue disorders in which there is deposition of abnormal amounts of mucopolysaccharides in body tissues. Hurler's syndrome (gargoylism) is the prototype of this group of diseases. Despite the fact that patients suffering from Hurler's syndrome have been described as presenting "the worst airway problem in paediatric anaesthesia", I there have been few reports of its anaesthetic implications 2 ,3 or of those of the other mucopolysaccharidoses. 4 ,5 METHODS We retrieved the medical records of all patients with a diagnosis of a mucopolysaccharidosis admitted to the Royal Alexandra Hospital for Children during the fifteen years from 1967 to 1982. The reasons for admission, operations performed and anaesthetic management were reviewed. RESULTS Twenty-nine patients suffering from one of the mucopolysaccharidoses had been admitted during the fifteen years. One set of records could not be found. Of the twenty-eight patients reviewed, eighteen were male and ten were female. Within the group there had been one hundred and eight separate admissions and sixteen patients underwent fifty surgical procedures which are listed in Table 1 . Approximately one hundred thousand surgical procedures were performed in the hospital during the period reviewed. Table 2 lists the ages at which these operations were done and relates this to the anaesthetists' reports of having difficulty in maintaining or securing the patients' airways. Table 3 shows the various classes of the mucopolysaccharidoses into which the patients undergoing operation fell and relates these to the reporting of a difficult airway at any stage in the patients' anaesthetic careers. The techniques of airway management for maintenance of anaesthesia are listed in Table  4_ Of the sixteen patients who had anaesthetics, thirteen were intubated at some stage (one of these during a respiratory arrest after a failed elective intubation -see below, Case History No. 2). One other patient had an elective tracheostomy (Case History No. 1). The following case reports illustrate the difficulties that may arise with these patients.
Case History No. I:
This female patient was diagnosed as having Hurler's syndrome at age 6 years and had two uneventful anaesthetics at that age and at 8 years. When aged 11 years, in 1970, she was given an anaesthetic for microinspection of her ears and for examination of her post-nasal space. The anaesthetist recorded severe coughing spasms during anaesthesia, related to copious naso-pharyngeal secretions. The surgeon noted difficulty in passing a catheter through the nose and nasopharynx. Adenoidectomy was not performed as it was considered this would achieve little to clear her post-nasal space and that intubation would be extremely difficult. Similar difficulty in maintaining the child's airway was recorded in four further anaesthetics for inspection of ears during the next two years. Endotracheal intubation was not attempted.
In 1980, the patient presented for cervical laminectomy. Because of the known difficulties with her airway, tracheostomy was performed under local anaesthesia before the definitive procedure. Two days later she was given a relaxant anaesthetic for the laminectomy. Soon after the commencement of surgery in the prone position, there was marked difficulty in ventilating the patient because secretions were blocking the tracheostomy tube. Surgery was abandoned at this time, to be performed uneventfully three weeks later after intensive physiotherapy to clear her chest of secretions.
Case History No. 2:
A six-year-old male child with Hurler's syndrome was admitted for corneal grafting. After a premedication of papaveratum 0.3 mg/kg and hyoscine 6 Ilg/kg, he was given an inhalational induction and, after an intravenous cannula was inserted, alcuronium 0.3 mg/kg was administered. It was then found to be difficult to maintain ventilation with a face mask and Guedel airway, although oxygenation remained clinically adequate.
Endotracheal intubation was not achieved at a number of attempts, with several experienced anaesthetists finding the pharyngeal structures and larynx impossible to identify, due to gross infiltration of the pharynx, the floor of the mouth and the tongue by mucopolysaccharide deposits.
The procedure was abandoned after approximately fifty minutes, when neuromuscular blockade was reversed with neostigmine and atropine. However, some time after return to the recovery ward, the patient suffered a respiratory arrest due to upper airway obstruction. Again this was partially overcome by the use of an oropharyngeal airway and mask ventilation. Eventually, a nasotracheal tube was inserted by guiding the tube towards the breath sounds.
Four days later, with the endotracheal tube still in place, a tracheostomy was performed. At this time, attempted laryngoscopy and bronchoscopy were unsuccessful as the larynx could not be visualised because of the distortion and rigidity of the area.
Corneal grafting was subsequently performed several weeks later, the delay again being occasioned by the copious tracheobronchial secretions. The patient now seems dependent on his tracheostomy, with his supraglottic airway functionally inadequate. DISCUSSION The mucopolysaccharidoses are a group of diseases in which there is a defect in the metabolism of three mucopolysaccharides: heparin sulphate, dermatin sulphate and keratin sulphate, resulting in their deposition in abnormal quantities in the body tissues.
There are a number of classes of the mucopolysaccharidoses (MPS) which have been designated as MPS I to VIII and most of the classes have eponymous names attached to them, viz: Hurler, Hunter, Scheie, Sanfilippo, Morquio and Maroteaux-Lamy. Hurler's syndrome, or MPS I H, is the prototype of the MPS and demonstrates the general MPS phenotype in its most severe form. The syndrome, which has autosomal recessive inheritance, becomes evident in infancy or early childhood and usually results in death by the age of eight to ten years.
The child with Hurler's syndrome typically has a large bulging head and hyperteiorism. The facies is apathetic with large patulous lips, open mouth, widely separated, peg-like teeth and macroglossia (Figures 1 (a) and (b) ). Corneal clouding is always present. There may be hypertrophy of both bony alveolar ridges and overlying gums. The inferior surface of the sphenoid bone may approximate the back of the hard palate, narrowing the nasopharynx, which is often further obstructed by a mass of adenoid tissue. Airway obstruction may be worsened by the deposition of infiltrate in the soft tissues of the oropharynx, especially the tongue and floor of the mouth, the epiglottis and aryepiglottic folds, as well as in the tracheal wall. The neck is short and there may be flaring of the lower rib cage possibly due to hepatosplenomegaly, secondary to mucopolysaccharide deposits in these organs. The cardiovascular system is affected with the deposition of mucopolysaccharides in the coronary arteries and heart valves. The children are mentally retarded and hydrocephalus may be present. Death usually occurs due to respiratory infections or cardiac failure or both. 6 The other classes are variants on the Hurler's syndrome. The Hunter syndrome (MPS 11) lacks the gross corneal clouding and has an X-linked recessive inheritance. i The San Filippo syndrome (MPS Ill) is distinguished by marked central nervous system involvement with milder somatic involvement and the Maroteaux-Lamy (MPS VI) disorder is characterised by prominent osseous involvement, corneal clouding and normal intellect. Morquio's syndrome (MPS IV), not encountered in our series, is described as causing kyphoscoliosis and other vertebral abnormalities, with a high risk of atlanto-axial dislocation. Aortic valve disease is common. 5 The clinical diagnosis may be confirmed by the presence of metachromatic granulation in the circulating polymorphonuclear leucocytes or lymphocytes or in the bone marrow. The mucopolysaccharides, dermatin sulphate and heparin sulphate, are excreted in the urine.
The nasopharyngeal anatomy not only makes airway management difficult but also probably results in an increased susceptibility to middle ear infections. This is reflected, in our series, by the large percentage of ENT procedures performed, mostly for microinspection of the ears and insertion of drainage tubes. Two of the ENT procedures were tracheostomies.
The next most common operation was for inguinal hernia repair, usually performed before six months of age, often before the diagnosis of mucopolysaccharidosis was made. Airway management was not usually a problem in this group of infants.
Anaesthetists noted difficulty with the airway at some stage in eight of the sixteen children who underwent anaesthesia. It is commonly believed that the incidence of difficulty in managing the airway increases with age. This was not borne out by our series. On twenty occasions, endotracheal intubation was attempted, with only one failure (Case History No. 2). Thirteen of the sixteen patients were intubated at some time. In a British study of 31 patients with Hunter's syndrome, serious problems had occurred during attempted intubation in four patients, one of whom died. 4 In our series more than half of the patients received a narcotic premedication. This was usually avoided if an airway problem was anticipated. The majority of the patients were given an inhalational induction. Although this is to be preferred in patients whose airway may be difficult to secure, intravenous induction may be more satisfactory in unco-operative patients, as these children, who are often mentally retarded, may be. In either case, spontaneous ventilation should be maintained until adequate airway control is assured. As illustrated by the second case history, the ability to maintain a patent airway during spontaneous ventilation does not necessarily mean that this control will continue after the administration of muscle-relaxant drugs.
The patient's own respiratory efforts may also be the only guide to the position of the glottic opening in a child with grossly distorted pharyngeal anatomy.
The first case history presents a fairly typical anaesthetic history of a child with a mucopolysaccharidosis. Although initially diagnosed as having Hurler's syndrome, this girl was proved later to have one of the less severe syndromes (Maroteaux-Lamy). Because of this, she has lived longer and has not suffered the mental retardation which occurs with Hurler's syndrome. Over a number of years, she had presented airway problems to anaesthetists. When she presented for major surgery, an elective tracheostomy was performed under local anaesthesia and mild sedation. This would obviously have been a difficult task in a much younger patient who was also mentally retarded. Despite the securing of her airway, nasopharyngeal secretions were still a problem and, in fact, resulted in the first major operation being aborted. Excessive secretions also caused the postponement of the second child's surgery. It would seem that a tracheostomy by itself does not guarantee airway control for anaesthesia. Full preoperative atropinisation has been recommended to help control these excessive secretions. 1, 2 Although cardiac involvement is a prominent feature of several of these syndromes, there were no difficulties related to coronary artery or valvular disease noted in the anaesthetic records of our patients. However, cardiac failure occurred late in the course of the disease in a number of them.
The mucopolysaccharidoses are rare conditions. Few anaesthetists encounter patients suffering from them on a regular basis, but these children continue to present for procedures which will improve their quality of life, such as ear and eye operations. A knowledge of the anaesthetic implications of the diseases should encourage anaesthetists to approach their management with caution.
